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Abstract

:

In the conditions of Slovakia, forest harvesting is largely carried out by hand-held chainsaws. Working with a chainsaw is one of the most demanding tasks in forestry, both in terms of demands on the operator and compliance with technological and work discipline. The aim of this work is the analysis of selected anthropometric dimensions of the upper limbs of the adult male population and their comparison with parameters and approaches in the design of hand-held controls for manual chainsaws. The research was conducted on a sample of 1629 men aged 18 to 25, in whom six anthropometric dimensions related to the upper limbs were measured, which are important for the sizing of the controls on the chainsaw handles. The results of the anthropometric analysis were compared with the recommended values for the design of hand-held chainsaws. Based on the results obtained, we identified some parameters of the front and rear handles that would need to be resized. Most of the recommended dimensions are in a convenient range. However, to take into account user comfort, we suggest, in some cases, increasing their minimum recommended values.
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1. Introduction


In the specific conditions of forestry in the Slovak Republic (terrain, economic, social conditions, and qualification preconditions), 85% of forest harvesting is carried out by a hand-held chainsaw [1,2]. In terms of safety and health at work, working with a hand-held chainsaw in forest harvesting is one of the riskiest tasks in forestry [1,3,4,5]. Most accidents at work, including fatal ones, are affected by the working methods used and the poor technological discipline of workers rather than work equipment and tools [6].



From the first half of the 20th century, the working tool of the hand-held chainsaw has undergone dynamic development to become today’s ergonomically, economically, and technologically advanced form. However, the main shortcomings of the impact on human health were also not addressed in terms of the technological nature of the facility. The chainsaw still emits a high sound pressure level at the operator’s ear (above 100 dB) and a relatively high level of vibration on the front and rear handles (up to 6 m/s2). These negative factors, when exposed to the human body over a long period of time, cause various types of occupational diseases [7,8]. The generation of vibrations is mainly related to the reciprocating movement of the chainsaw motor piston, and other components of the saw have a statistically negligible effect on the magnitude of vibrations [9]. The level of vibration is also fundamentally affected by the sharpness of the chain and its correct tension [10]. Thus, in the ergonomic dimensioning of the operating parts of chainsaws, the designers focus primarily on user comfort (e.g., heated handles) and the application of damping elements to reduce the negative effect of vibrations [11,12].



When developing the technological elements of the chainsaw, the designer must take into account various influencing factors, especially ergonomics. Knowledge of user requirements and preferences is required to create a specific product [13]. The development of ergonomic elements must be adapted to the specific group of users and their physical dimensions. Work in the forestry sector, especially in forest harvesting, is usually associated with risky conditions, the need for physical fitness and is characterized by great physical effort. Therefore, work with hand-held chainsaws in forest harvesting is almost exclusively performed by men [14,15]. Thus, the physical preferences of the male population are taken into account when dimensioning the ergonomic elements of hand-held chainsaws.



Dynamic changes in the human population in the social and technological fields are closely correlated and have resulted in regulations in the field of hand tool design [1,16,17]. The anthropometric dimensions of the adult population are changing in the long run. With the development of human society and rising living standards, they are generally growing. We call this trend of long-term changes in the anthropometric dimensions of the population a secular trend. It is mainly influenced by population feeding, morbidity, and socioeconomic status in the development of the population [18,19,20,21,22].



The application of the secular trend in the anthropometric dimensions of the adult population should play a key role in applying the ergonomic principles of new work equipment design. The technical standards for designing the parameters of hand-held chainsaws are limited to the sound pressure and vibration levels at which protective equipment must be used (as they cannot be eliminated below the permissible level). The Geneva-based International Labor Office has published a handbook on “Safe design and use of chainsaws” [23]. This manual has become the basic rule for the design parameters of hand-held chainsaws. The aim of this work is the analysis of selected anthropometric dimensions of the upper limbs of the adult male population and their comparison with parameters and approaches in the design of controls for manual chainsaws.




2. Materials and Methods


2.1. Anthropometric Analysis


For anthropometric analysis, the body dimensions of the adult male population were measured during the period 2001 to 2021. The range of the group was 1629 men aged 18 to 25. The reason for choosing the adult population is, in particular, the fact that, except for educational purposes, a hand-held chainsaw can only be professionally operated by an adult with the appropriate authorization. The measurements took place at the Technical University in Zvolen (Slovakia). This age group is important in terms of the perspective of working in forestry and determining the development trend for the design of ergonomic parameters. A total of 6 upper limb body dimensions of the adult population were selected in accordance with EN ISO 3411 [24]. The following dimensions were measured: standing height (1A), upper arm height during flexion in the elbow (3C-3D), forearm fingertip length (3J), anterior arm reach (3K), hand width (3L), and hand length (3M) (Figure 1). The measurements were performed with a certified anthropometer and a caliper.



The anthropometric data were compared with the recommended design dimensions of the hand-held chainsaw controls set out in the professional manual [23]. The recommended minimum dimensions for chainsaw designers and their characteristics are shown in Figure 2 and Table 1. These dimensions are recommended for chainsaw design and are intended to improve the user comfort of the saw operators, especially in good handling of the saw controls. When assessing anthropometric dimensions, it is also necessary to take into account the fact that the operator uses the chainsaw with gloves of a certain thickness.




2.2. Statistical Analysis


The measured anthropometric data for the whole period were analyzed by simple descriptive statistics to verify the timeliness of the currently recommended dimensions for dimensioning the held controls of chainsaws.



The number of measured subjects was very variable during individual years and varied from 19 measured subjects in 2008 to 340 measured subjects in 2018. The measured results represent only a certain characteristic part of the population at the national level and cannot be generalized in the context of world developments.



Standard statistical parameters were evaluated: arithmetic means, mode, minimum, maximum, variance, standard deviation, and standard error. Statistical data were evaluated and values were calculated using standard procedures mentioned in the literature [25,26,27,28]. The software Microsoft Excel and STATISTICA 12.0 were used for calculating and visualizing the results.



The proposed parameters of the saw handle from the manual [23] were compared with the measured anthropometric dimensions. The comparison was evaluated statistically and graphically. The results should provide information on the need to take into account the secular trend in the design of hand tools and especially hand-held chainsaws, which are professionally used in forestry and agriculture.





3. Results


3.1. Anthropometric Analysis


Figure 3 shows histograms of the relative frequency of analyzed anthropometric dimensions and their intervals. The dimension of body height is not directly related to the design of the chainsaw controls, but other body dimensions, which relate to the upper limbs, generally derive from this dimension. Body height in the analyzed population sample varied from 152 cm to 205 cm. The most common value (mode) was for a body height of 180 cm. More than half of the measured individuals ranged from 175 cm to 185 cm. Upper arm height during flexion in the elbow (3C-3D) was in the range of 25–30 cm in more than 40% of the analyzed group. The Anterior arm reaches (3K), most often ranging from 85 to 90 cm.



Forearm–fingertip length was in the range of 40–50 cm in more than 70% of the analyzed group. This body parameter is especially important for the implementation of several branching methods, in combination with the Upper arm height during flexion in the elbow (3C-3D) there is a change in dimensions from folded arms to outstretched, which can affect especially dimension C in the sense of Table 1.



The dimensions (3L) and (3M) are mainly connected with the controls on the rear handle and the control of the “gas” button. The width of the hand was most often in the range between 10 and 15 cm and the length of the hand in more than half of the analyzed group in the interval between 18 and 20 cm. These dimensions also partially predict the development of the required dimensions of the hand-held chainsaw handles in the coming decades. Simple methods of descriptive statistics were used to adequately evaluate the development of anthropometric dimensions over time. The results can be compared with the recommended values for sizing the controls of hand-held chainsaws in accordance with Table 1.




3.2. Analysis of Recommended Chainsaw Parameters


Table 2 shows the results of the basic descriptive statistical parameters for the values of anthropometric dimensions in accordance with the EN ISO 3411 standard, which were measured on a selected sample of the male population. The most suitable parameter for assessing the proposed dimensions of chainsaws seems to be the mode that best takes into account the latest trends in the design of their manual controls. It provides an overview of the most common frequency of a given dimension in the analyzed sample. However, it is also necessary to take into account changes over time and the overall development of the characteristic.



The dimensions of the parameters of the rear handle of the chainsaw F, G, E, D are mainly influenced by the dimensions of the length and width of the hand (3L and 3M). The mode of values for hand width (3L) represented the level of 11 cm and values for hand length (3M) represented 20 cm. If we calculate the dimensions of the hand width clearance (F), the finger clearance at the released throttle control trigger (D) and the projected thickness of the rear handle (G) we obtain a minimum dimension of 11 cm. When we compare this dimension with the value of the hand length mode (20 cm), we find that the minimum values for these hand controls are sufficient even with the planned reserve. However, when we compare them with the absolute minimum value of the hand length, it is clear that this limit exactly matches. It can, thus, be stated that the proposed parameters for the rear handle of the hand-held chainsaw are still current and satisfactory.



The clearance between finger on throttle trigger and center line on front handle (C) and the projected thickness of the front handle (B) are closely related to dimension 3J and 3C-3D. The minimum dimension of the forearm fingertip length (3J) was measured at the level of 20 cm in the sample. The prescribed minimum dimension distance (C) is at the level of 18 cm. When we add to this dimension the minimum dimension of the projected handle thickness (B) 1.1 cm, we obtain the value 19.1 cm. The mode of size 3J was at the level of 48 cm. From this point of view, it would be appropriate to adjust the minimum value of dimension (C) in the rules for designing the parameters of saws by 1 cm upwards. This is also due to the expected further long-term development of the dimensions of the adult population. Although the upper arm height during flexion in the elbow (3C-3D) is not a standard dimension in the sense of EN ISO 3411, together with the forearm fingertip length (3J), it is an important dimension for assessing the sum of the dimensions in the C + F design parameters, which should correspond to these dimensions (minimum 25.6 cm). Based on the minimum measured parameters of dimensions (3C-3D) + (3J), the minimum values of this dimension were 22 cm. At mode values, this dimension was a total of 73 cm. From this point of view, the minimum value of the parameters can be considered sufficient, even if it would not be satisfactory at the minimum measured dimensions. From the point of view of the reality and complexity of performing work with a hand-held chainsaw, it cannot be assumed that people who are not physically mature enough will perform this work. From this point of view, the proposed parameters of dimensions C and F concerning dimensions (3C-3D) and (3J) can be considered sufficient.



The sum of the design parameters of the C + F dimensions is also closely related to the parameter of the anterior arm reach (3K), whose minimum value was at the level of 58 cm and the mode value at the level of 90 cm. From this point of view, the design parameters are in order and it is recommended to increase their minimum values. However, it is always necessary to consider these dimensions concerning the stature height (1A), as this affects the working and technological procedures carried out with a hand-held chainsaw.





4. Discussion


The results of the assessment of the anthropometric parameters of the adult male population showed that only dimensions C and F in the design parameters of hand-held chainsaws would need to be adjusted, as they are too undersized.



Kaljun and Dolšak [13] propose an angle between the front and rear handles of approximately 25°, which should provide sufficient comfort for the operator’s wrist in all working positions. For dimension F, they propose a minimum level of 11 cm, which is 3.4 cm more than the current minimum value. Given our results, this proposal can be considered justified. In other proposals, these authors focused more on the ergonomic parameters of the handle in terms of materials used and the thickness of the vibration damping grip.



Raghav et al. [17] evaluated the ergonomic parameters of hand-held chainsaws in terms of the effect of the vibrations. They also identified the angle between the front and rear handles of the hand-held chainsaw as the biggest problem in terms of vibration transmission to both hands, suggesting a minimum angle in the range of 30° to 45°.



There are relatively few works involved in evaluating the ergonomic parameters of the control elements of hand-held chainsaws. Rather, existing work has focused on assessing the effect of these controls on the transmission of vibrations from the saw to the operator’s hands. Rottensteiner and Stampfer [29] found that higher levels of vibration generally affect the operator at the rear handle of the saw, whereas at the front handle the vibrations are lower. They also found that the use of a safety bar did not have a significant effect on the level of vibration. Thus, the negative effects of vibration can be influenced by personal protective equipment or redesign of the controls, but they cannot be completely prevented [9].



In addition to the ergonomic design, the use of electronic battery hand-held chainsaws appears to reduce noise and vibration. The results suggest, in part, that battery chainsaws can reduce daily vibration exposure by more than 45% and noise exposure by approximately 78.4% compared with internal combustion engine chainsaws [30]. Landekic et al. [31] analyzed the vibrations of several types of chainsaws and found that their levels did not affect the age of use of the chainsaw in operation. They identified the performance and type of chainsaw as having a major impact, recommending the use of lighter and smaller chainsaws whenever possible. Due to this recommendation, following our results, it would be possible to reduce some parameters, in particular, the front handle of the hand-held chainsaw, using smaller power parameters. Lighter chainsaws have their benefits in physical workload and postural load. However, a smaller mass of the chainsaw can induce greater vibration levels [32].



In addition to ergonomic parameters, the risk of accidents and occupational diseases when working with a hand-held chainsaw is mainly influenced by the choice of a suitable type for specific working conditions [33]. However, this risk is fundamentally influenced in particular by the work organization system and compliance with technological and working methods [1].



Research at work [34] has confirmed a higher frequency of wrist injuries among hand-held chainsaw operators, which has even risen among young workers. This indicates that modern trends in handle ergonomic design do not take into account current anthropometric trends in the adult male population. In the design of controls, chainsaw manufacturers should thus return to the proven dimensions and grips, especially the front handles. However, the most suitable solution seems to be the design of several size classes of front handles, which could be easily exchanged to better suit a particular employee.




5. Conclusions


Working with a hand-held chainsaw is one of the most demanding and also riskiest tasks in forestry. Not only the physical fitness, professional competence, and adult age of the operator are required, but also strict adherence to work and technological discipline. Even if all conditions are met, a risk factor for human health and life cannot be completely ruled out. From a long-term perspective, operators are exposed to excessive noise and vibration. They should use personal protective equipment against their side effects. In addition to this protection, hand-held chainsaw designers should pay particular attention to user comfort and minimize unnecessary operator movements when working with the chainsaw. For the winter conditions, there are heated chainsaw handles and new trends are moving towards smaller and lighter chainsaws or battery chainsaws.



However, in addition to emphasizing the development of these new technological solutions, designers should also focus on the ergonomic parameters of the controls and handles concerning the dimensions of the adult population. The results of our work have shown that the recommended minimum dimensions of hand-held chainsaws, which were defined in the 1970s, are still largely satisfactory when considered in correlation with the population average. However, the secular trend and growth of some adult dimensions in the long term is to be taken into account when designing chainsaw controls. In the results section, we have proposed adjustments to the minimum values of some chainsaw controls to take this trend into account as best we can. Most of the dimensioned elements of the front and rear handles are satisfactory in terms of the recommended dimensions. However, to increase the user comfort of the operators, we propose increasing some of the minimum recommended values of handles dimensions.
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Figure 1. Anthropometric dimensions defined by the EN ISO 3411 standard. 
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Figure 2. Chainsaw handle clearances and sizes according to Table 1. 
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Figure 3. Histograms of analyzed selected anthropometric dimensions. 
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Table 1. Minimum chainsaw handle clearances and sizes adapted from [23] with permission from International Labour Office, 1978, and Figure 1.
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Handle

	
Description

	
Dimension in Figure 1

	
Minimum Size (cm)






	
Front

	
Finger clearance in the handle grip area

	
A

	
3.5




	
Projected thickness

	
B

	
1.1




	
Handle perimeter

	
-

	
6.0




	
Clearance between finger on throttle trigger and center line on front handle (measured parallel to center line of guide bar)

	
C

	
18.0




	
Rear

	
Finger clearance at the released throttle control trigger

	
D

	
3.5




	
Finger clearance behind the throttle control trigger

	
E

	
3.2




	
Hand width clearance

	
F

	
7.6




	
Projected thickness

	
G

	
1.9




	
Handle perimeter

	
-

	
8.9
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Table 2. Descriptive statistics for anthropometric dimensions according to EN ISO 3411 on analyzed population during 2002–2019.
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	Dimension
	Arithmetic Mean
	Median
	Mode
	Minimum
	Maximum
	Variance
	Std. Deviation
	Std. Error





	1A
	181.9
	182.0
	180.0
	152.0
	205.0
	47.013
	6.857
	0.170



	3C-3D
	26.4
	26.0
	25.0
	12.0
	40.0
	19.417
	4.406
	0.109



	3J
	48.4
	48.0
	48.0
	20.0
	97.0
	29.125
	5.397
	0.134



	3K
	85.9
	86.0
	90.0
	58.0
	114.0
	38.147
	6.176
	0.158



	3L
	11.2
	11.0
	11.0
	6.0
	38.0
	2.923
	1.710
	0.042



	3M
	19.4
	19.0
	20.0
	11.0
	27.0
	2.390
	1.546
	0.038
















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2022 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png





nav.xhtml


  forests-13-00645


  
    		
      forests-13-00645
    


  




  





media/file0.png





media/file2.png
3K

2 |||
|-
oc |
NE 4 |
=1 i N
M| ™ ;
i | % 7 /A
= = i
’ P . :
»/w ) °l g ?
7 Y =
(
l.\.’.!.l..r k
i 1
1\’ L 5
de
s -
g6 T -
B . €
Ve

4A

4C
. B






media/file5.jpg





media/file6.png
Relative frequency

145 150 155 160 165 170 175 180 185 190 195 200 205 210 215
Stature height (1A) [cm]

Relative frequency
B
g 8

:

:

100

:

Relative frequency

g

g

42%

10 15 20 25 30 35 40 45

Upper arm height during flexion in the elbow (3C-3D) [cm]

74%

1% 0%

35

0% 0% .
20 25 30
Hand width (3L) [cm]

10

15

Relative frequency

Relative frequency

Relative frequency

50 58 60 65 70 75 80 85 9 95 100 105 110 115 120
Anterior Arm Reach (3K) [cm]
1400
1200} 74%

0% 0% 0%
40 50 60 70 80 90 100
Forearm Fingertip Length (3J) [cm]

110

26

28

18 20 22
Hand Length (3M) [cm]

24





media/file3.jpg





media/file1.jpg





